EXPERIMENTAL METHODS

Nanocrystal synthesis
Lead sulfide nanocrystal synthesis 1 . To produce a lead-precursor 0.39 g Pb(II)acetate trihydrate (99.999%, Sigma-Aldrich), 1.28 ml oleic acid (90%, Sigma-Aldrich), 2 mL trioctyl phosphine (90%, Sigma-Aldrich) and 12.5 mL octadecene (90%, Sigma-Aldrich) were added to an erlenmeyer in a nitrogen-purged glovebox. This mixture was transported to a Schlenkline where it was left to react under vacuum at 130 °C for 1.5 hours. The resulting mixture was cooled down to room temperature and transported to a nitrogen-purged glovebox. There it was transferred to a three-neck flask and heated to 120 °C after which 16 µL of bis(trimethylsilyl)sulfide (synthesis grade, Sigma-Aldrich) was rapidly added under vigorous stirring. After two minutes at a constant temperature of 120 °C the heating was removed and the reaction mixture was allowed to cool down at room temperature. The mixture was quenched by adding 20 mL of acetone (anhydrous, Merck) when it reached a temperature of 65 °C. The resulting NCs were then centrifuged, the solvent decanted and residue NCs dispersed in 4 mL hexane (99%, Sigma-Aldrich). To this dispersion 15 mL methanol (99.8%, Sigma-Aldrich) was added, the resulting mixture was centrifuged, solvent decanted and residue dispersed in 4 mL hexane. To this dispersion 15 mL methanol and 400 µL oleic acid were added, the resulting mixture was again centrifuged, decanted and dispersed in 4 mL hexane. Lead telluride nanocrystal synthesis 3, 4 . To produce a Te-precursor 0.194 g telluride powder (99.997%, Sigma-Aldrich) was dissolved in 3 mL trioctyl phosphine (90%, Sigma-Aldrich) in a nitrogen-purged glovebox. To produce a lead-precursor 1.138 g Pb(II)acetate trihydrate (99.999%, Sigma-Aldrich), 3.3 ml oleic acid (90%, Sigma-Aldrich) and 8 mL octadecene (90%, Sigma-Aldrich) were added to an erlenmeyer. This mixture was left to react under vacuum at 130
°C at a Schlenkline for 3 hours. The resulting mixture was cooled down to room temperature and transported to a nitrogen-purged glovebox. There it was transferred to a three-neck flask and heated to 170 °C after which the Te-precursor was rapidly added under rigorous stirring. The mixture was left to react at 140 °C for three minutes and then quenched by adding 3 mL hexane (95%, Sigma-Aldrich). The mixture was then brought to 60 °C after which 1 mL 0.161 M NH4Cl (99.99%, Sigma-Aldrich) in methanol (99.8%, Sigma-Aldrich) was added and left to react for 15 minutes. Then the mixture was washed twice by adding 5 mL ethanol (96%, AlfaAesar), centrifugation, decantation and dispersion in 5 mL hexane.
Superstructure assembly 5,6
All methods listed here are performed in a nitrogen-purged glovebox dedicated to oriented attachment research only. Performing oriented attachment in a glovebox which is also used for NC synthesis can yield detrimental results. Oxygen and molecules used in some syntheses share the ability to strip ligands from the surfaces of the NCs 7-10 , thereby speeding up attachment to such a rapid pace that long-range or even short-range order is not preserved anymore. A few ppm of oxygen in the atmosphere during the oriented attachment procedure can already devastate an experiment, such results are shown in Figure S1 . and discussion in the main article for exact numbers) in hexane was prepared by dilution. A liquid substrate was prepared by adding 6.6 mL of ethylene glycol to a glass petri dish with a diameter of 27 mm, onto which ±15 µL of a dilute oleic acid dispersion (10 µL oleic acid in 3 mL ethylene glycol) was drop casted. Then 350 µL of the PbTe NC dispersion was carefully drop casted onto it. This system was left to react for 1 hour at room temperature (around 22 °C) after which the surface was scooped with a TEM grid. Residual liquid substrate was removed by vacuum. The sample was then removed from the glovebox and analyzed by TEM. 
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